During the hydropenic state, the kidney, in the interest of water conservation, excretes a urine which is osmotically more concentrated than the blood. Since the glomerular filtrate has the same osmotic pressure as the plasma, in the elaboration of an osmotically concentrated urine the renal tubules must remove from this isosmotic filtrate a certain quantity of solute free water. The quantity of water so removed from any sample of urine is given by the difference between the volume of urine required to contain the urinary solutes in an isosmotic state, or the osmolar clearance, Co.m, and the urine-flow, V
concentrating operation of the kidney by the specific gravity of the urine, but specific gravity is not an appropriate index for this purpose because it does not accurately reflect the basic physiological operation of the kidney, which can only be judged in terms of the quantity of water abstracted.
In the present study, the concentrating operation, as evaluated by TWO, has been examined in patients with acute and chronic renal disease.
METHODS
Our subjects comprise 25 patients, drawn from various services of Bellevue Hospital, with the following diagnoses: acute glomerulonephritis, 5 ; chronic glomerulonephritis, 14; chronic pyelonephritis, 1; Kimmelstiel-Wilson syndrome, 2; and acute renal failure, 3 . All subjects were maintained on the regular hospital diet except for variations in salt intake. Fluids were withheld during 15 to 18 hours preceding the test, which was performed in the morning with the patient in a fasting state. Urine was collected by means of an indwelling catheter, and residual urine was expelled from the bladder by means of air. No washout fluid was used. Surgical sterility was maintained throughout the test.
Control urine and plasma samples were collected for the determination of inulinoid blank and oliguric osmotic U/P ratio. After priming doses of inulin (43.0 grams) and of Pitressin® (Parke, Davis and Co.) (50 to 100 milliunits) had been administered intravenously, an infusion containing inulin and Pitressin@ was established, the latter being administered at a rate of I milliunit per kg. of body weight per hour. The rate of infusion of inulin was adjusted to maintain a plasma concentration of ca. 25 mg. per 100 cc.
Urine was collected for three periods of 15 to 20 minutes each for the determination of the basal filtration rate and osmotic U/P ratio. Thereafter, progressively increasing osmotic diuresis was induced by administration of 10 per cent mannitol solution at a rate of 10 to 20 cc. per min. into the infusion tubing, the infusion of inulin and Pitressin® being continued throughout. Urine collection was continued for 6 to 10 periods of 10 minutes each, and blood was drawn at appropriate intervals from an antecubital vein into heparinized syringes, centrifuged immediately and the plasma stored in stoppered tubes.
(1)
Inulin was determined by Schreiner's modification of the resorcinol method of Roe (4), and osmotic pressure of plasma and urine was determined by means of the thermistor bridge-null-point-detector unit of Bowman, Trantham, and Caulfield (5), using a Joblin freezing point apparatus (6) . Urine specific gravity was determined with a clinical urinometer, if the urine volume was adequate; otherwise the specific gravity was determined by weighing the sample.
RESULTS
When the osmolar clearance, C., approaches or is less than the maximal value of Tgo, the concentrating mechanism is not "saturated" and solute-free water reabsorption becomes limited by an approach to the limiting osmotic U/P ratio. equal to V and all points would fall on the bisector, or isosmotic parameter (7) . In so far as the data a displa to the left of .the isosmotic parameter, it is inferred (2) that solute-free water has --been, abstraged from isosmotic glomerular filtrate to an extent equal to the leftward, horizontal displacement (line b in ' Figure 1 ).
The first three points at the left of Figure 1 generate a straight line a which intersects the zero coordinates, and represents a constant osmotic U/P ratio-in this subject having a value of 1 particular subject the deviation from constancy is indicated by the fact that the regression line of C..S on V has a slope of 1.059 rather than 1.0.
It was found (2) that the slope of this regression line in subjects with normal renal function frequently deviated significantly from 1.0, and it was arbitrarily elected to measure Tm',0 for comparative purposes'when V = 20 cc. per min. In our subjects with reduced renal function we have seldom attained urine flows of this magnitude, and therefore we have arbitrarily elected to take, as the definitive value of TmHo, the mean of all values within the range of V where the regression of C..m on V is linear, regardless of the slope of the regression line. In the subject illustrated in Figure 1 , the value of Tmro is 1.88 cc. per min. per 1.73 sq. m. body surface area. Observations in 19 patients with acute or chronic glomerulonephritis are presented in Table  I . Columns 1 to 5 are self explanatory. Column 6 shows the extremes of plasma osmolarity during the period of observation, and column 7 the range of urine flow involved in the calculations shown in columns 8, 9, 10, and 11. Column 8 indicates the average inulin clearance (CIN) for three urine collection periods preceding the mannitol infusion. In 6 of the 19 patients, CIN increased by more than 20 per cent during osmotic diuresis, the maximal increase being 37 per cent in subject No. 35.
Turning to derivative calculations, column 9 gives the slope of the regression line (or the regression coefficient) generated by C... on V.
The mean slope for these 19 patients is 1.074 4 0.113. In 9 subjects the slope falls outside the range of 0.90 to 1.10; it exceeds 1.10 in 8 subjects, and is less than 0.90 in one. In this last instance (subject No Figure 2) , as compared to 1.8, 2.6, and 2.7, the lowest ratios observed in normal subjects, and 1.5 and 1.9, the lowest ratios observed in subjects with glomerulonephritis. In subjects No. 22 and 39, however, the filtration rate was above 60 cc. per min., and these two subjects, if not subject 9 Figure 3 shows the relationship between specific gravity and osmotic U/P ratio in the same urine samples, with selection of those samples showing the maximal specific gravity. The gross lack of correlation in Figure 3 is obvious. In the specific gravity range of 1.010 to 1.012, ordinarily interpreted as indicating loss of "concentrating ability," one finds osmotic U/P ratios as high as 2.5; on the other hand, in one subject (No. 32), the specific gravity was 1.020 but the maximal osmotic U/P ratio was only 1.51 .
Column 15 indicates the per cent of concurrently filtered water which was excreted during maximal osmotic diuresis. The administration of mannitol was relatively constant in all patients and not adjusted to the filtration rate and consequently higher plasma concentrations were undoubtedly obtained in patients with low filtration rates. This circumstance would explain the fact that there is a roughly inverse correlation between the fraction of filtered water excreted at the peak of diureses and the filtration rate.
DISCUSSION
Our observations show that a renal mechanism for the production of an osmotically concentrated urine persists throughout the course of glomerulonephritis. The tendency for the ratio T',O/CIN to be elevated early in the course of the disease suggests predominant glomerular damage. Maintenance of a normal ratio as the disease progresses suggests proportional glomerular and tubular impairment, probably in consequence of loss of function in entire nephrons. It is only in the most advanced stages of functional impairment that a markedly reduced TlHO/CIN ratio provides evidence of a specific tubular defect, but here the reduction in ratio may be attributable to a relative increase in filtration rate. Our data are therefore inadequate to establish whether a defect in concentrating power is characteristic of glomerulonephritis. Certainly in many patients with fairly advanced disease (filtration rates of 40 cc. per min. or less) residual concentrating power is proportional to the residual filtration rate.
With respect to acute renal failure, our data show that concentrating capacity is reduced out of proportion to the reduction in filtration rate.
Among the 25 subjects examined here, the slope of the regression line lies between 0.90 and 1.10 in 14, and between 1.10 and 1.30 in 9. We can add nothing to the remarks of Zak, Brun, and Smith on the obscure factor or factors which cause this slope to deviate from 1.0, except to re-emphasize that, in view of the high coefficient of correlation with linear regression, this deviation must be considered to be physiologically significant.
It must be noted that in the two subjects (Nos. 35 and 9), where the slope of the regression line is very low (0.877 and 0.824, respectively), the calculation of a maximal value of T'HO is at present meaningless since Tho becomes negative at urine flows of 8.5 and 1.8 cc. per min., respectively; i.e., both subjects excreted a hypotonic urine during osmotic diuresis in spite of sustained hydropenia and the administration of Pitressin®. Whatever the cause for the low slope, it operates consistently throughout the test, as shown by a high correlation coefficient (0.9905 and 0.9999). The explanation of this deviation in slope, with respect to the presumed constancy of T'H0 at adequate urine flows, must remain for further investigation. It is perhaps significant that in both of these subjects, a relatively large fraction (67 and 55 per cent) of the filtrate as measured basally was excreted during osmotic diuresis, and that in both, the filtration rate increased markedly during osmotic diuresis.
At urine flows where T'Ho has attained its maximal value, the osmotic U/P ratio decreases with increasing osmotic diuresis in accordance with the relationship (which issues from equation 1): The difficulty in examining this question, and of quantitatively assessing the maximal osmotic U/P ratio, is that in oliguria the kidney is in a mild but highly variable state of "osmotic dium resis'" attributable to the continued excretion of urea~, creatininer sodium chloride, etc. (9) . Insofar as there is substantial splay at the intermediate urine flows where-we pass from the patameter of. maximal osmotic U/P ratio to the puramewer of TmWO, the observed osmotic U/P ratio nay be. significantly depressed by. this '.'endogenous"' osmotic diuresis. Our present values for the maximal osmotic U/P ratio must therefore be looked upon as possibly less than "maximal." The measurement of the maximal U/P ratio must await detailed studies of the excperimettal conditions under which it can be attained, in the normal as well as in the diseased kidney. Conversely, in 10 subjects with chronic glomeru-w lonephritis in whom the filtration rate was below 60 cc. per mm., the ratio TrHno was above 5 .0 in five; in the rest, this ratio ranged from 3.0 down to 1.5. Our data are too limited to determine whether in advanced glomerulonephritis the concentrating operation may be consistently impaired out of proportion to impairment in filtration rate.
4. In the three subjects examined after an episode of acute renal failure, the ratio Tm'o/CIN was so low that we infer the presence of specific damage to the concentrating mechanism.
5. The maximal specific gravity of urine collected after an 18-hour period of hydropenia does not in general correlate with either the magnitude of the concentrating operation as measured by TmHO, or with the osmotic U/P ratio determined in these same samples. At a specific gravity of 1.013 or lower, osmotic U/P ratios as high as 2.5 may be reached. This lack of correlation is clearly attributable to the fact that different solutes (sodium chloride, urea, etc.) contribute differently to osmotic pressure and to specific gravity.
